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1-4 A National Health Call Centre Network was established in Australia in 2006, under the auspices of the Council of Australian Governments, as healthdirect Australia. It provides "nationwide access 24 hours a day, seven days a week to healthcare triage, health advice and health information". 5 Calls are answered by registered nurses who use clinical decision support software and their clinical acumen to provide advice and recommended dispositions.
Since inception, healthdirect has referred 2%-4% of callers to an emergency department (ED) via ambulance, and 8%-12% of callers to an ED via private transport (unpublished data, McKesson Asia-Pacific, [2006] [2007] [2008] [2009] [2010] . However, the appropriateness of these referrals has not been thoroughly evaluated. In addition, some patients attend the ED after contact with healthdirect even though the advice given is to the contrary. 6 Our study aimed to characterise the appropriateness and patterns of healthdirect referrals to the ED, and compare these to self-referrals and general practitioner referrals. We hypothesised that contact with healthdirect would result in appropriate referrals to the ED, and that these would be more appropriate than self-referrals.
Methods
We conducted a prospective observational study at the ED of Royal Perth Hospital. At the time of the study, this adult, tertiary hospital ED had an annual census of about 58 000 presentations and a 44% admission rate. The study commenced on 1 August 2008. From this date, consecutive patients were asked the following mandatory question at triage, which uses the Emergency Department Information System (EDIS) system for patient tracking: "Were you referred by healthdirect today?" The first 720 of those who answered "yes" were classified as healthdirect-referred patients. From the same date, 720 consecutive self-referred and 720 GP-referred patients were identified by information obtained at triage. About 70% of calls were from people who had symptoms they were concerned about and who wanted to speak to a nurse. Other calls were for health information, service locations and other queries. 7 Recommended dispositions provided to callers, which were based purely on symptoms, included Patients: Consecutive patients at triage, identified as healthdirect-referred, self-referred or GP-referred (720 patients per group).
Main outcome measure: Appropriateness of referrals, using an a-priori definition.
Results:
The healthdirect-referred patients were significantly younger than self-referred and GP-referred patients (mean age, 41.6 years v 45.5 years and 50.1 years, respectively; P < 0.01), more likely to be female (60.3% v 43.8% and 46.4%, respectively; P < 0.01) and more likely to attend the ED out of hours (64.0% v 45.8% and 21.0%, respectively; P < 0.01). Self-referred patients had the highest acuity profile (P < 0.01). The proportions of referrals that were assessed as being appropriate were: healthdirect-referred, 72.9% (95% CI, 69.7%-76.2%); self-referred, 73.8% (95% CI, 70.5%-77.0%); and GP-referred, 89.7% (95% CI, 87.5%-91.9%). Of the 534 calls that could be traced back to the healthdirect database, 280 (52.4%) represented patients who attended the ED despite a contrary recommendation.
Conclusions: GP referrals had the highest level of appropriateness, and healthdirect-and self-referrals had similar levels of appropriateness. More than half the healthdirect-referred patients attended the ED despite a contrary recommendation, probably due to difficulty accessing after-hours health services.
• acute dispositions recommending expedited attendance at a general practice (immediately, within 4 h or within 24 h) • non-acute dispositions such as routine attendance at a general practice (within 72 h or within 2 weeks), self-care with advice provided, or other services.
Data collection
The data were obtained by reviewing the following systems for all patients: EDIS, iSOFT Clinical Manager 1.4 (iSOFT Group), and IMPAX (a picture archiving and communication system) (Agfa-Gevaert Group). Manual medical record review was performed whenever electronic data were incomplete. For patients referred by healthdirect, the healthdirect database -CareEnhance Call Centre (CeCC) software (McKesson Corporation) -was interrogated at McKesson, using demographic data provided by patients at triage. This enabled crosschecking of referral advice with ED data. Data were collected prospectively by one of us (J AW), using a preformatted data abstraction form. Out of hours was defined as outside the hours of 08:00-18:00. The data were verified by one of us (J Y N).
Primary outcome
The primary outcome of the study was appropriateness of referrals, which we defined a priori as one or more of • admission to hospital • referral to an inpatient team for assessment • referral to an outpatient clinic • transfer to another hospital • death in the ED • performance of any radiological or laboratory investigations.
In the absence of these events, it was assumed that the patient could have been adequately assessed and treated in a non-ED setting (ie, the referral was considered not appropriate).
Statistical analysis
The power calculation was based on the assumptions that the ratio of healthdirect referrals to self-referrals is about 1 : 40, the ratio of healthdirect referrals to GP referrals is about 1 : 5, and that 50% of self-referrals and 80% of GP referrals are appropriate according to our definition. With a sample of 720 patients in each group, this study had > 90% power to detect as statistically significant (P < 0.05) a 12% difference in appropriateness between healthdirect-and self-referred patients, and a 7% difference between healthdirect-and GP-referred patients. The study was also powered for subset analysis of differences between healthdirect-referred patients who were able to be traced back to the healthdirect database versus those who were not, and a subset analysis of ambulance use across the three patient groups.
Statistical testing was performed on PASW Statistics 18.0 (SPSS). Categorical data were analysed using the Pearson  2 test, with the Fisher exact test substituted for 2  2 comparisons with small numbers. Numerical data were analysed using Kruskal-Wallis one-way analysis of variance.
Results
We enrolled 720 patients per group. The healthdirect-referred patients were identified by 16 April 2009, selfreferred patients were identified by 7 August 2008, and GP-referred patients were identified by 8 October 2008. During the study period, there was a total of 42 060 attendances to the Royal Perth Hospital ED, of which 72 0 we re hea lthd irec t-referre d patients, 33 244 self-referred patients and 3814 GP-referred patients; this represented 1.7%, 79.0% and 9.1% of the attendances, respectively (4282 attendances [10.2%] were from other sources). Hence, the ratio of healthdirect referrals to self-referrals was 1 : 46 and the ratio of healthdirect referrals to GP referrals was 1 : 5.
The demographic and presentation characteristics of each patient group are reported in Box 1. The healthdirectreferred patients were significantly younger than patients in the other groups (P < 0.01), more likely to be female (P < 0.01) and more likely to attend the ED out of hours (P < 0.01). Self-referred patients had the highest acuity profile on the Australasian Triage Scale (P < 0.01). GP-referred patients and healthdirect-referred patients did not significantly differ in their acuity (P = 0.52). Length of stay was significantly shorter for healthdirect-referred patients (P < 0.01).
The top 10 diagnostic categories for each group are shown in Box 2. Overall, injury was the most frequent presenting complaint. Toxicological and psychiatric presentations were more frequent among self-referred patients.
Of the 720 healthdirect-referred patients, 186 (25.8%) could not be traced back to the healthdirect database. Possible reasons include incomplete demographic data, anonymous 1 Demographic and presentation characteristics of the three patient groups (n = 720 per group)* 
Appropriateness of referrals
Appropriateness of the referrals in each patient group, according to our a-priori definition, is shown in Box 3. It was highest for GP-referred patients -significantly higher than in the other groups (P < 0.01). Appropriateness was similar in healthdirectreferred and self-referred patients (P = 0.72). Self-referred patients were more likely than healthdirect-referred patients to be admitted to hospital (P < 0.01), referred to an inpatient team (P < 0.01), referred to an outpatient clinic (P < 0.01) or have a radiological investigation (P < 0.01). The only deaths in the study were in the self-referred group. For the 534 calls that could be traced back to the healthdirect database, the median call-to-triage time was 1 h 51 min (interquartile range, 1 h 9 min to 2 h 35 min). The appropriateness of these referrals, according to the recommended disposition, is shown in Box 4. Only 254 patients (47.6%) were recommended to attend the ED. A further 254 patients (47.6%) attended the ED after being recommended to see a GP in an expedited fashion (immediately, within 4 h or within 24 h) and 26 patients (4.9%) were referred for non-acute care such as seeing a GP within 2 weeks or were given self-care advice.
Recommendations to attend, or not attend, the ED
A comparison of patients recommended to attend the ED versus those recommended to not attend the ED showed no significant differences in age, sex, ethnicity or out-of-hours presentation. Based on our a-priori definition, appropriateness of these referrals was not significantly different between the two groups (77.6% [197 
Appropriateness of ambulance use
Ambulance use in each patient group is shown in Box 5. In our study population, 22.4% of patients (483/2160) used an ambulance as their mode of transport to the ED. Using our a-priori definition of referral appropriateness as a proxy for appropriate ambulance use, ambulance use was appropriate for 87.4% of ambulance users (422/483; 95% CI, 84.4%-90.3%), compared with 76.3% of non-ambulance users (1280/ 1677; 95% CI, 74.3%-78.4%) (P < 0.01). 
Discussion
We found that the appropriateness of healthdirect referrals to the ED was similar to that of self-referrals and lower than that of GP referrals. GPreferred patients were older, had the highest level of appropriate ambulance use and the highest admission rate, reflecting appropriate referral patterns and perhaps a different casemix.
Our results highlight that patients are very good at working out that they are seriously ill and require ED services. The self-referred patient group had the highest acuity profile and the only deaths. However, some patients may be less certain of their need for emergency care and call healthdirect to confirm their own assessment of their situation. 8, 9 One can argue that the healthdirectreferred patients in this study had low rates of compliance, as the recommended disposition for half was to use non-ED services or self-care. We believe that this relates principally to the limited availability of after-hours health services as our data show a prominence of out-of-hours attendances in the healthdirect-referred group, especially when compared with the GP-referred group. However, it may also reflect an inherent fallibility of the telephone consultation model. In any case, patients will interpret the advice they are given in the context of their own perceptions. It would be interesting to survey such patients to more accurately define barriers to compliance.
There has been considerable discussion and debate regarding the value of telephone advice services within the health system. 9 Often, the impetus given for such services is to reduce demand for ED services. 9 However, this is a misplaced argument. The lay public want and need access to health information and advice, and very high satisfaction with telephone advice services has been reported. 4, 7, 10, 11 To justify the cost of providing such a service, reducing demand for ED services is often promoted, but this just perpetuates the myth that EDs are overrun with patients who could more appropriately receive care in a general practice setting. 9 This is a simplistic explanation of the complex issue of ED overcrowding. 9, 12 To date, it has been shown that telephone triage services have limited capacity to influence ED use or workload. 6 A Cochrane review found that no study has shown a decrease in ED attendances and one study has found that nurse telephone consultation increased ED attendances. 13 Given that healthdirect referrals to the ED in our study represented fewer than 2% of ED attendances, the impact of telephone triage is minimal, consistent with the results of the Cochrane review. Also, there have been no costeffectiveness studies on telephone triage services, and such services used to be provided by EDs. 14 The finding that more than half the healthdirectreferred patients in our study attended the ED despite a contrary recommendation spotlights the issue of access to after-hours health services. Also, healthdirect's nurse-led telephone triage service was extended in July 2011 by adding GP support, as the after-hours GP helpline. 15 It would be interesting to see whether this has affected the appropriateness of healthdirect referrals.
A limitation of our study is that the definition of appropriateness that we used is imperfect. It did, however, enable us to use electronic methods of assessing appropriateness using objective data. There is no gold standard definition of appropriateness. Factors that may influence appropriateness include the social aspects of illness that are not captured by electronic systems. Also, the performance of laboratory and radiological testing may not necessarily reflect a high degree of urgency. Another limitation is that some patients would have been unable to answer the mandatory question at triage (eg, they may have been unconscious or may not have understood the question). In addition, as an adult tertiary referral ED, our results may have limited external generalisability, especially because telephone advice for paediatric patients usually forms the major component of telephone triage services. Finally, there may have been some seasonal variation in illnesses that affected our results.
In summary, we found that GP referrals to our ED had the highest level of appropriateness. The healthdirect-referrals and self-referrals had similar levels of appropriateness. ED attendance despite contrary recom- mendations is likely to reflect the difficulty accessing after-hours health services.
